Objective: To identify the clinical and radiologic features that should raise suspicion for the pseudotumoral presentation of cerebral amyloid angiopathy-related inflammation (CAA-I).
Cerebral amyloid angiopathy (CAA), a common small vessel disease of the brain, is characterized by the progressive deposition of b-amyloid (Ab) protein in the walls of small to medium-sized arteries, arterioles, and capillaries in the cerebral cortex and the overlying leptomeninges. 1 The typical presentation of CAA is a spontaneous lobar intracerebral hemorrhage in an elderly patient. CAA can also manifest as cognitive impairment, dementia, or transient neurologic symptoms. 1 T2*-weighted gradient-recalled echo (T2*-GRE) or susceptibility-weighted imaging (SWI) demonstrate extensive cortical microbleeds and lobar macrobleeds. A less frequent manifestation of CAA is CAA-related inflammation (CAA-I, also referred to as Ab-related angiitis). [2] [3] [4] [5] [6] CAA-I is thought to result from an inflammatory response to Ab protein in the blood vessel walls. CAA-I can clinically and radiologically mimic a brain tumor. 7, 8 The aim of the present study was to report on 5 patients with a pseudotumoral presentation of CAA-I and to review the characteristics of 23 previously reported cases to identify the clinical and radiologic features that should lead to the suspicion of this diagnosis. METHODS We retrospectively reviewed the medical and radiologic records of 5 patients who were referred to our neurooncology department between 2008 and 2014 due to the suspicion of a brain tumor and in whom the final diagnosis was a pseudotumoral presentation of CAA-I. The criteria proposed by Chung et al. 7 and modified Boston criteria were used for CAA-I and CAA diagnosis. 9 Brain MRI scans were reviewed by two independent neuroradiologists for the presence and location of T2/fluid-attenuated inversion recovery (FLAIR) hyperintensity, T1 hypointensity, evidence of hemorrhage on T2*-GRE or SWI, the presence of parenchymal or meningeal postcontrast enhancement and mass effects, as well as abnormalities on diffusion-weighted imaging (DWI), proton magnetic resonance spectroscopy ( 1 H-MRS), perfusion MRI, and magnetic resonance angiography (MRA). Previously reported cases of CAA with imaging findings initially interpreted as brain tumors were identified via PubMed searches from January 1970 to September 2014 using the terms CAA, CAA-related inflammation, neoplasm, and brain tumor. We retrieved all relevant articles and checked additional references quoted in these articles. We selected only the cases in which MRI descriptions were available.
RESULTS Present case series. The characteristics of our 5 patients are presented in table 1. The median age was 70 years. Four patients presented with subacute cognitive decline, which was associated with headaches and papilledema in one patient and with progressive hemiparesis in another patient. One patient presented with acute encephalopathy. All patients were referred to our department based on an initial standard MRI, which included precontrast and postcontrast T1 and T2/FLAIR sequences showing unilateral (n 5 1) or bilateral (n 5 4) asymmetric T2/FLAIR hyperintensities in the supratentorial white matter with a loco-regional mass effect, suggesting a differential diagnosis of a brain tumor (figure). In one case, involvement of the splenium of the corpus callosum was observed. After gadolinium injection, no parenchymal enhancement was detected. Leptomeningeal enhancement was present in 2 patients. Based on these initial findings, the suspected diagnosis was lymphoma in 2 patients, low-grade glioma in 2 patients, and gliomatosis cerebri in 1 patient.
All patients subsequently underwent multimodal MRI. Extensive cortical and subcortical microbleeds were identified in all patients on T2*-GRE; these microbleeds were predominantly supratentorial (figure). Marginal siderosis was present in 4 patients. DWI showed areas of increased diffusion that corresponded to the T2/FLAIR signal abnormalities. Perfusion MRI was performed on 3 patients and did not reveal any signs of neoangiogenesis. In contrast, the relative cerebral blood volume (rCBV), relative cerebral blood flow (rCBF), and mean transit time (MTT) were markedly reduced in the T2/FLAIR signal abnormalities compared to the ipsilateral or contralateral normalappearing white matter. 1 H-MRS was performed on 4 patients and indicated a normal metabolic ratio and the absence of other pathologic peak. Time-of-flight MRA was also available in all cases and excluded stenosis in the great and middle-sized intracranial vessels. Fluorodeoxyglucose PET was performed on one patient and indicated hypometabolism in the areas of increased T2/FLAIR signal (patient 3). CSF analysis demonstrated isolated hyperproteinorachia in 4 patients; the cell count was normal in all patients, and none of the patients exhibited oligoclonal bands.
All of these findings were suggestive of tumefactive CAA-I. All patients met the criteria for the diagnosis of probable CAA-I according to Chung et al. 7 In our index patient (patient 1), a cerebral and leptomeningeal biopsy was performed, which confirmed the diagnosis, demonstrating amyloid deposits within leptomeningeal and cortical vessels associated with foci of mild perivascular inflammation (figure). Perivascular inflammatory cells mostly consisted of monocyte/microglial cells (staining for CD68). T lymphocytes (staining for CD3) were also present, whereas B lymphocytes (staining for CD20) were absent. No biopsy was performed in the 4 subsequent patients. In 3 of these patients, however, CSF was analyzed for Ab peptides 40 and 42, and the findings indicated low levels of these peptides, as typically observed in CAA. 10 Two of these 3 patients were positive for the APOE e4/e4 genotype. Four patients (patients 1, 2, 3, and 4) were treated with a short course of steroids (2 mg/kg IV for 3 days followed by 1 mg/kg tapered over 4-6 weeks), which resulted in rapid clinical improvement in all patients. In 3 of these patients (patients 2, 3, and 4), MRI was performed 1 month after treatment onset, and the MRI results indicated a nearly complete resolution of the tumefactive T2 hyperintensities (figure). These 3 patients were clinically stable after a 12-to 24month follow-up, and the imaging findings were also stable. Patient 1 died from a lobar hemorrhage 3 months after diagnosis. Patient 5 did not receive steroids and spontaneously improved over 3 months. In this patient, MRI performed 3 months after diagnosis indicated nearly complete resolution of the T2 hyperintensities (figure).
Analysis of the characteristics of patients with a
pseudotumoral presentation of CAA-I. We identified 23 previously reported patients with a pseudotumoral presentation of CAA-I 8, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] (table e-1 on the Neurology ® Web site at Neurology.org). In all patients, the imaging findings were initially interpreted as CNS neoplasm, which led to the performance of a biopsy (n 5 17 [74%]) or surgical resection (n 5 6 [26%]). T2*-GRE or SWI were performed prior to surgery in 2 patients and during follow-up in 4 patients. When specified, the initially suspected diagnoses included low-grade glioma, gliomatosis, lymphoma, or carcinomatous meningitis. In 21 of the 23 patients, the final diagnosis was made following histologic examination, which indicated CAA with (n 5 12 [52%]) or without (n 5 9 [39%]) signs of vascular inflammation. In 4 patients, the biopsy was nondiagnostic, which led to a repeated biopsy in one patient and a surgical resection in another patient. 8, 22 In the 2 other patients, the diagnosis was only made retrospectively when extensive microbleeds on T2*-GRE or SWI were observed on follow-up MRI. 8 The characteristics of the patients from our series together with the previously reported cases are summarized in ). Leptomeningeal contrast enhancement was observed in 11 cases (28%). The primary reason for the misinterpretation of the CAA-I imaging findings as CNS neoplasm was the absence of T2*-GRE sequences on initial imaging (n 5 26 [89%]). When subsequently performed (n 5 11 [39%]), these sequences demonstrated multiple characteristic cortical and subcortical microhemorrhages in all cases. When available, DWI and 1 H-MRS indicated no restricted diffusion and normal spectra, respectively. After diagnosis, 15 patients (57%) received steroids with or without cyclophosphamide. The outcome was favorable in 17 patients (60%). The rate of favorable outcome was 78% in the patients who received steroids with or without cyclophosphamide and 58% in the patients who received no treatment (Fisher exact test, not significant). Among the 11 patients who underwent T2*-GRE sequences, 5 patients met the criteria for the diagnosis of definite CAA-I and 6 patients met those for the diagnosis of probable CAA-I. 7 All of these patients met the modified Boston criteria for the diagnosis of probable CAA (5 patients with and 6 patients without supporting pathology). 9 DISCUSSION The identification of intra-axial, tumefactive, non-neoplastic neurologic disorders that can mimic brain tumors is of utmost importance in the preoperative setting. 24 In the present study, we demonstrate that CAA-I can incorrectly suggest a brain tumor and that to identify this condition, T2*-GRE or SWI should be performed during the diagnostic workup of brain masses, especially in elderly patients presenting with subacute cognitive decline and no parenchymal postcontrast enhancement. In centers that already include T2*-GRE/SWI sequences in their standard MRI protocols, these sequences should be actively reviewed by the clinicians evaluating patients with suspected brain tumors. Centers that do not include those sequences should strongly consider adding them. The clinical and radiologic presentations of tumefactive CAA-I were not specific. Nevertheless, most patients were elderly (85%) and exhibited cognitive impairment (65%) and patchy or confluent hyperintense T2/FLAIR lesions without contrast enhancement on MRI (93%). The 2 most frequently suspected diagnoses were low-grade glioma and lymphoma. However, older age at onset, cognitive impairment, and extensive vasogenic edema are unusual features in low-grade gliomas, while the Abbreviations: CAA 5 cerebral amyloid angiopathy; FLAIR 5 fluid-attenuated inversion recovery; MRS 5 magnetic resonance spectroscopy.
absence of parenchymal contrast enhancement is rare in cerebral lymphomas. Therefore, tumefactive CAA-I should be considered as a differential diagnosis of suspected low-grade glioma in elderly patients and of suspected lymphomas when no contrast enhancement is present. Less frequently, tumefactive CAA-I suggested gliomatosis cerebri (due to extensive leukoencephalopathy) and carcinomatous meningitis (due to marked leptomeningeal contrast enhancement). Careful examination of FLAIR sequences usually disclosed a mass effect that was less pronounced than it is in brain tumors. However, the primary reason for the misinterpretation of CAA-I imaging findings as CNS neoplasm was the absence of T2*-GRE/SWI sequences on initial imaging. When subsequently performed, these sequences demonstrated multiple cortical and subcortical microbleeds in all cases; these microbleeds were predominantly supratentorial. Marginal siderosis was also frequently identified based on these sequences. Perfusion MRI was only performed on 3 patients; however, it consistently showed a reduction in the main perfusion parameters (rCBV, rCBF, and MTT). This finding is interesting because it supports the results of a previous study that used PET-MRI in a mouse model, which showed that Ab deposition is accompanied by a decrease in rCBF. In this model, the loss of perfusion correlated with the increase in the Ab plaque burden but not with the number of microbleeds. 25 Thus, perfusion MRI appears to serve as a promising technique for the diagnosis and even the follow-up of CAA-I. 1 H-MRS did not indicate any specific signs of CAA-I; however, it facilitated the suspicion of a non-neoplastic disorder because it showed unremarkable spectra. In addition to brain tumors, the differential diagnosis of CAA-I includes infections (e.g., progressive multifocal leukoencephalopathy, fungal disease, tuberculosis, infectious endocarditis), immune-related disorders (e.g., acute disseminated encephalomyelitis, neurosarcoidosis, primary CNS vasculitis), and posterior reversible leukoencephalopathy/reversible vasoconstriction syndrome. 6, 7 Mass-like lesions have been reported in approximately 15%-25% of patients with CAA-I. 6, 26 The clinical and radiologic characteristics of the patients in our series were similar to those reported in CAA-I except the fact that in our series the lesions seemed to be more frequently focal (75%) and more frequently associated with mass effect (100%). 6, 7 CAA-I is thought to result from an inflammatory and immune reaction directed against the Ab deposits in blood vessel walls. 1 This hypothesis is supported by the occurrence of cases of subacute meningoencephalitis displaying characteristics similar to CAA-I in patients who received vaccinations to the Ab42 form of Ab or monoclonal anti-amyloid antibodies as a potential therapy for Alzheimer disease. [27] [28] [29] [30] The recent identification anti-Ab autoantibodies in CAA-I patients also supports the hypothesis of an autoimmune reaction against cerebrovascular Ab. 31 Diagnostic criteria for CAA-I have been proposed. 7 The diagnosis of CAA-I is considered as probable if all following criteria are met: (1) acute or subacute onset of symptoms; (2) 40 years of age or older; (3) at least one of the following clinical features: headache, mental status or behavioral change, focal neurologic signs, and seizures; (4) MRI showing patchy or confluent T2 or FLAIR hyperintensity, which is typically asymmetric, with or without mass effects and with or without leptomeningeal or parenchymal enhancement; (5) evidence of preexisting CAA on SWI, such as multiple cortical or subcortical hemorrhages or microhemorrhages or recent or previous lobar hemorrhage; and (6) the absence of neoplastic, infectious, or other causes of symptoms. The diagnosis of CAA-I is considered as definite if, in addition to these criteria, a histopathologic examination indicates perivascular, transmural, or intramural inflammation and amyloid deposition within vessels of the affected area in the cortex and the leptomeninges. The extent of inflammation is variable, ranging from a mild perivascular nondestructive inflammation (as in patient 1) to a vasculitic transmural, granulomatous, inflammatory infiltration. 26 However, likely because of the segmental inflammatory involvement of cerebral vessels, inflammatory changes are not always identified, even in typical cases. 26 The identification of CAA-I in the preoperative setting is important to avoid futile surgical resections and nondiagnostic biopsies (28% and 14% of the patients in the present study, respectively). Histologic confirmation of the diagnosis requires both cortical and leptomeningeal material (otherwise, amyloid deposition within vessels might not be identified). Whereas definite diagnosis can only be achieved by histopathologic examination, it has been proposed that selected patients with typical CAA-I characteristics and no evidence for another cause of symptoms may be managed without brain biopsy. 4, 7 However, T2*-GRE microbleeds are not specific for CAA-I and the diagnostic criteria for CAA-I (especially the specificity of neuroimaging findings) remain to be validated. In addition, in a condition for which the natural history is poorly understood, lack of biopsy may confound progress in understanding the relationship between CAA and vascular inflammation. 26 In the future, the noninvasive diagnosis of CAA-I might be facilitated by the identification of anti-Ab autoantibodies in CSF 31 and by the development of PET 32 or MRI 33 techniques that enable the visualization of amyloid deposition.
The optimal treatment for CAA-I remains to be defined. 7 Rapid clinical and radiologic responses have been reported using steroids alone or in conjunction with other immunosuppressive drugs such as cyclophosphamide. 7 However, spontaneous improvement has also been reported. In the present case series, the rate of favorable outcome tended to be higher among the patients who received steroids (with or without cyclophosphamide) than among those who received no treatment (78% vs 58%). In our experience, a short course of steroids was sufficient to elicit rapid and persistent clinical and radiologic improvement in 3 of our 4 patients. Nevertheless, relapse upon treatment withdrawal has been reported; therefore, the optimal treatment duration remains to be determined. 7 In addition to its retrospective design and its small size, limitations of the present study include the limited number of patients who underwent advanced MRI techniques and the absence of histologic examination in all of the patients.
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